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LIGHT-EMITTING APPARATUS 

BACKGROUWD OP TTJVTjNTTON 

Field of invention 

This invention relatss to a light -emitting apparatus 
having a GaN semiconductor light -emitting device. M<ire 
particularly, the present invention relates to an improvement on a 
light-emitting apparatus Having a semiconductor light-emitting 
device integrated by flip chip bonding. 

GaN semiconductors have been attracting attention as a 
material for light -emitting device emitting blue to green light- A 
light-emitting diod.6 comprising such a GaN semiconductor is 
incorporated into a light -emitting apparatus as follows. Since a 
general light-emitting diode uses an insulating sapphire substrate/ 
a pair of electrodes (i.e., a negative electrode and a positive 
electrode) are provided on the upper side of the semiconductor layer . 

A first lead frame lias a, muuuU r unLu which a substrate of 
a light-emitting diode is adhered with the semiconductor layer up 
so that the semiconductor layer faces the dominant light emitting 
direction of the light-emitting apparatus. The negative electrode 
and thft positive <slectrode of the light -emit ting diode are coimeu-Ued 
to the first and second lead irames, respectively. These members 
are encapsulated in a transparent sealing resin, such as an epoxy 
resin . 

In the above-described light -emitting apparatus, blue um 
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green light generated in the light -emitting layer in the 
saniconductor layer is transmitted through the seminnnchjct-nr layer 
and emitted outside or reflected on the mount of the f irat lead frame/ 
ti«usiiiiLLed through the semiconductor layer again, and emitted 
outside. Accordingly, the direction perpendicular to the 
semiconductor layer is the dominant light-emitting direction. For 
more details, JP-A-7-235558 can be referred to. 

However, cuuv«iiLiuiial sealing resin, such as an epoxy resin, 
is liable to color change, and the color change is accelerated by 
heat . According to the inventor ' s study, a sealinq resin is observed 
to undergo gradual Mlor chATyjf? to yellow to brown around a 
semioonductor layer that ic accompanied by heat generation -while 
emitting light. The resin thus yellowed or browned absorbs blue to 
green light emitted from the light -emit ting diode. That is, the 
brightness of a light -emitting apparatus (the quantity of light 
emitted outside through the sealing resin) is reduced with the 
progress of color change of the sealing resin. 

in order to solve this problem, flip chip bonding has been 
proposed, in which a light-emitting diode is reversed, and the 
negative and the positive electrodes are mounted directly on the lead 
frames by soldering, etc. For snore detail, .TP-A-" 6-794 82 can be 
referred to. According to this structure, the heat generated from 
the light -emitting device is easily dissipated outside through the 
"Iftari frampfi fifi that the color change of the sealing resin can be 
suppressed . 
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The distance between the negative and the positive 
electrodes is governed by the size of the light-emitting rfwip?, 
which i3 a3 3mall as about 350 um. On the. other hand, since a lead 
licuiit! is Eviined by metal sheet working, the working precision is 

5 limited to the metal sheet thickness (e.g., 0.5 mm). Therefore, it 
is difficult to work a metal sheet in conformity to the distance 
between, tha al&ctrodes of a light-emitting device. AceiAinxng precise 
metal. sheuL w<jikiny La possible, it is extremely difficult and. 
iitipractical to fix the electrodes on the mounts of lead frames with 

10 positioning accuracy on the order of microns. 

A 1 i ght.— Awr-h-M apparatus using a sealing resin having 
dispersed therein a fluorescent material to have the color of emitted 
light changed is k.nown. For example, part of blue light: generated 
from a light-emitting device is absorbed by the fluorescent material 

15 so that orange light is emitted from the fluorescent material. The 
blue light that does not pass through the fluorescent ma-tsjrial -and 
the ox" «.nge light emitted froa the fluorescent material' axe miAtid up 

so that the Light-emitting device emits white light as a whole. 
However, it has been difficult with conventional Light-emitting 

7f> apparatus of this type to secure color unchangeability of the emitted 
light for a long period of time because the sealing resin undergoes 
color change with time due to the heat generated in the Light- emitting 
device. 
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SUMMARY O f TNVWMTTON 
Accordingly, an anj«»r:t of the present invention is to settle 
the above -mentioned problem by providing on an industrial scale a 
light-emitting apparatus having a, c?aw semiconductor Lignt-emittang 
5 device incorporated therein in the form of a flip chip. 

Another object of the invention is to provir?A a light - 
emitting apparatus having a novel structure. 

Another object of the present invention will then be 
illustrated. This aspect aims to provide a highly reliable 
ID Light-emitting apparatus with a new function. The Light- emitting 
apparatus according to this aspect is characterized in that the baee 
contains a fluorescent material r with the instruction of the oLltei 
elements being the same as described later. 

The above objects of the invention are accomplished by a 
15 light-emitting apparatus comprising (1) a transparent base marip nf 
an inorganic material, (2) a first and a second bonding pad. formed 
an Lhe base, (3) a o^pr semiconductor Light-emitting device having 
a first and a second electrode on one side thereof, (4) a first wire 
and a second wire -which connect the first bonding pad to the first 
2 0 el&ctrod© and the second bonding pad to the second electrode , 
respectively , (5) a first «nd a second lead frame, (€) a Uianspttreiit 
adhesive layer which fixes the transparent substrate of the 
semiconductor Light-emitting device to a first surface of the base, 
and (7) a transparent resin which encapsulates the base, the 
2 5 Light- emitting device, the first and Lhe second wires, Lfots fixsL dud 
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the second lead frames, and the adhesive layer, wherein the base is 
fi X( ^ t-.n +h<? first and second lead frames so that the substrate of 
the semiconductor Light-emitting device may face the UumiiicsciL 
light-emitting direction or the Light- emit ting apparatus, and the 

5 first and second bonding pads are electrically connected to the first 
and second lead frames, r<*sxv<*r:t.ively . 

According to this structure, the substrate (of the 
semiconductor jblg&t-emitting device) , the adhesive layer, the base, 
and the sealing resin are lying in this order on the light-emitting 

LO layer of the semiconductor light-emitting device in the dominant 

light-emitting direction. Made of an inorg-anic material, the 
3ub3trate and the base undergo little change in color. MusL of the 
heat generated in the semiconductor layer during light emission is 
conducted to the other members and dissipated there before it reaches 
15 the sealing resin on the base. As a result, th*» rpsI ing resin on 
the base is prevented froa yellowing or browning by heat, 

only the adhesiva layer undergoes color cnange under the 
influence of the heat of the semiconductor layer, but the influence 
of the heat upon the adhesive layer is lessened by the substrate 
20 interposed between the adhesive layer and the ecmiconductor Layer. 
ThejceJIuie, Uie deyiee ul Lhe adhesive layer's color change is less 
than what would have been observed with the sealing resin directly 
covering the semiconductor layer in a conventional structure. 
Besides, because an adhesive layer can be made thin, the quantity 
2 5 oZ liyht that uuty b*s ctbsoibtid by <a somewhat colored adhesive layer 
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can be minimized. 

The sealing resin coveri ng the spminonrtiirt-nr layer naturally 
undergoes color change, but the influence of the color change is 
negligible because the colored portion is on the Side opposite to 
the dominant LE side, where the electrodes of the semiconductor 
Light-emitting device are formed of a light-ref lecf.ing m*tal and 
cover the entire surface of the semiconductor layer, the light 
emitted from the layer in the direction opposite to the dominant 
light-emitting direction is reflected on these electrodes. 
Therefore, the colored resin portion is substantially out of the 
light transmission path. 

According to the present invention, the semiconductor 
Light -emitting device is fixed, on the base, and the base is attached 
to the first and second lead frames. Therefore, the demand for the 
working precision of the first and second lead frames can be relaxed 

by the design o£ the base and it ie aaeier to attach the base to the 
first and second lead frames . It has now been iUdde feasible to attach 

the semiconductor device to the lead frames via the base in the form 
of a flip chip- For example, the first and second bonding pads are 
provided an each side of th& semiconductor Light-emitting device, 
whereby the distance between the bonding pads is longer than at lectst 
the external size ot the semiconductor Light -emit ting device. The 
first and second bondinq pads are adhered to the first and second 
lead frames, respectively, whereby the working precision required 
of the lead frames is above the external size of Lhe seaiiyoi id utter 
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Light-emitting device. Taking the margin between the semiconductor 
Light -emitting device and each bonding pad into rnnsi^ration, the 
demanded working precision is much lower than that called for in 
conventional flip chip bonding, i.e., a precision corresponding to 
5 the distance between, electrodes. 

The longer the distance between the parts of the two bonding 
pads where they are bonded to the rccpoctivo lead frames / the less 
the demand for the working precis ion of the lead frames , and the eas iex 
the attachment to the lead frames . it is therefore desirable that 

10 the parts of the first and second bonding pads which are the most 
remote from each other (i.e., the outer edges of the bonding j>Ads ) 
be even with the outer edges of the base. Wh«re the base is 
rectangular in its plane view, the first, and second bonding pads arre 
preferably disposed substantially in parallel with the long side of 

L5 the rectangular base or on the diagonal line of the rectangular base 
so that the outer edges of the first and second bonding pads may be 
remotest from each other. 

According to the present invention, a fluorescent material 
is not dispersed in the sealing resin but incorporated into the base 

20 to provide a light-emitting apparatus in which color change of thd 
sealing resin by hsat can b« suppressed ; and light of a constant colox 
can be emitted tor an extended period of time. 

The fluorescent material can be dispersed in the base, or 
a film containing the fluorescent material can be laid on or buried 

25 in the base. The fluorescent material to be used is selected 
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arbitrarily in accordance with the desired color of light- Where 
white light is desired, for example, a VAG-has**ri f 1 norfffir^nt material 
can be coabined with a blue light-emitting device- 
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RBTPTF nF SCTTPTTftN OF DRAWINGS 
Fig. 1 illnst.r^s a light -emitting apparatus 1 according 
to the invention? 

fig. 2 is a side view of a unit 2 wtiicn is used in the 

s light -emitting apparatus 1; 

Fig. 3 is a plane viftw of the unit 2; 

Fig. 4 is a plane view of an Si0 2 wafer before being cut to 

individual units 2; 

Fig. 5 is a plane view of a unit 3 used in the light- emitting 

10 apparatus 1; 

Pig. 6 is a side view of a light- ssmii-tting device 20; 

Fig. 7 is a side view of a unit 4 having a base having a 
fluorescent material dispersed tnexein; and 

Fig. 8 is a side view of a unit 5 having a base having a 
15 fluorescent material-dispersed film layer. 

TTFTTft TTiKD D KSCHTPTTn W PRKTTKRRED BMBQD IMKNTS 

Tghnie> struc ture of the present inv ention 

Preferred embodiments of the present invention will be 
20 illustrated with reference to Fig- 1 . The tight-emitting device of 
the invention is composed rouyhly ul a UuiispaienU base 10, a 

light- emitting device 20, an adhesive layer 30, wires 40a and 40b, 
lead frames 50a and 50b, and a sealing resin 60. 

The transparent baso 10 is not: particularly limited as long 
25 as ils. LxrAiisyansiACy to light does not substantially change with time. 

y 
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For example, the base 10 can be made of inorganic materials such as 
SiO a , sapphire, and borosilicate glass. The base 10 is not 
particularly limited in shape but is preferably rectangular in its 
plans view. Th& and thickness of the base 10 are decided 

5 appropriately in conformity with the size of the semiconductor 
Light-emitting device 20 and of the Light -effl.it ting apparatus 1 . 
Taking a rectangular (in a plana view) base for instance, a pair 
of opposing sides are preferably soo to 5,000 \aa long, still 
preferably 1,000 to 4/000 \aa long, the other pair of opposing sides 

10 are preferably 500 to 5,000 urn long, still preferably l,CO0 to 
4,000 pju long, and the thickness is preferably 30 to 3,000 fm, ©till 
preferably 5 0 to 1,00 0 ^on. 

A pair of bonding pads 11a and lli> made of an electrically 
conductive material are provided on one side of the base 10, On the 

15 same side of the base 10 is an area where the semiconductor 
Light -emitting device 20 is to he fixed. The bonding pads 11a and 
lib can be made of any electrically conductive material and are formed 
by patterning on the base 10 . The bonding pads ita and lib may have 
a plurality of layer made up of different materials. 

5-0 Tt. is preferred that, t.ha binding pads 11a and lib and the 

area therebetween where the Light-emitting- device 20 is to be fixed 
be arranged on a substantially straight line, where the base 10 is 
rectangular in its plane view, the bonding pads 11a and lib are 
preferably formed on a snbst/mr. ia 11 y st-.rA i.ght 1 i n«=> pArallel to the 

25 long side of the base 10 or on the diagonal of the base 10. In case 

10 
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where the short side is long enough, the bondinq pads 11a and lib 
may b<=» arranged nn a straight line substantially parallel tc the short 
aide- Each bonding pad 11a or lib is formed so as to maximize the 
dxsxance between the. lea<3. frames oOa and sub tnereny to facilitate 
5 working of the lead frames and attachment thereto. This can be 
achieved by positioning the outer ftdgft nf esr.h honr?.ing pad 11a or 
lib even with the outer edge of the base 10* 

On the base 10 is fixed tne semiconductor .bight-emitting 
device 20- The Light-emitting device 2 0 has a substrate 21, 

10 GaH-based semiconductor layers, a negative electrode 26, and a 
positive electrode 27. The substrata 21 can nado Qf any 

transparent material, such as sapphire- Each <3aN semiconductor 
layer is formed on the substrate by well-known metal organic vapor 
phase epitaxial growth (MOVPE), etc. The negative electrode 26 and 

15 the positive electrode 27 are formed by an etching technique, «»r<-^ 
in a usual manner. The negative arid the positive electrodes 26 and 
27 are both preferably made oi light-reflecting materials so that 
the light from the light-emitting layer which is in the direction 
opposite to the dominant light-emitting direction may be reflected 

20 and turned to the dominant light -emitting direction. By this 
manipulation/ a leak. <j£ liyliL van lit: pievenLed/ suit! Lht; quantity of 
light traveling in the dominant direction increases. Materials 
useful as the negative electrode 26 and the positive electrode 27 
include Al, V, Au, and Rh. On« or more layers of these materials 

25 superposed Lo form each eJLevUtvde- Xli^ Uhivkuess ul eaeh 

II 
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electrode is not particularly limited as far as is capable of bonding. 
From the standpoint Of the time required for- forming sar.h electrode, 
5000 A to 50,000 A iG rccoraacndcd . The positive electrode 27 could 
be made thinner t>y further providing an electrode for bonding on the 

5 positive electrode 27. In this case, it is rather preferred for the 
positive electrode to have some thicJcnees to prevent a light 1 sskrage 
from the electrode eids. For example , the positive electrode 
preferably has a thickness of 50 A or more, particularly 3 00 A or 
more- Most of the light generated in the LE layer of the Light- 
10 emittinq device 20 havinq the above-described structure is, either 
directly or after beimj reflected on the- electrodes, transmitted 
through the transparent base 10 and emitted outside. 

The Light-emitting device 20 is adhered on its substrate 
to the base 10 via an adhesive layer 30 at the position between the 

15 bonding pads lla and lib. As a result, there exist the adhesive 
layer and the transparent base 10 in thie order on the side of the 
substrate 21 of the Light— emitting device- Liyht «auiL.l-*;d from tfre 

substrate- 21 passes tnrough the adhesive layer 30 and then, the 
transparent base 10. 
2 0 The adhesive layer 3 0 should be made of a transparent 

material, such as an. «p©xy resin- Such an organic material as an 

epoxy resin is not stable against heat and undergoes gradual color 
change to yellow to brown with time by the heat generated in the 
Light -emit ting device 20. The thus colored resin will absorb light 
25 from the Light-emitting device 20, affecting the quantity or liyhL 
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emitted Iron the Light-emitting apparatus 1. For this reason, it 
is preferable to minimize the thickness of the adhesive layer 30 while 
securing adhesion of the Light-emitting device 20. A. preferred 
thickness of the adhesive layer 30 made of, e-y-, <*ii epwJty resin is 

5 about 1 to 50 \xm. 

The neqative electrode 26 and the positive electrode 27 are 
c-onnected to the bonding pads lis and lib, respectively, by means 
of the respective wires 40a and 40b. Where the positive elecLrode 
21 is not thick enough, another bonding pad (electrode layer) can 
10 be provided thereon as mentioned above, to which the wire 40b is 
connected. 

The base 10 having the Light omitting device 20 adhered 
ULis=:x.fc:<-iii is uiuuuLwl on a pair uf lead frames 50a and 50fc>, which are 

connected to an external power source, in the same manner as in flip 
15 chip bondinq. That is, the base 10 is fitted to the lead, frames 50a 
sT?ri snh in snrrh a manner that the side of the substrate 21 of the 
light- emitting device 20 faces the dominant light -emitting direction . 
Any electrically conductive material can be used to maice the lead 
frames 50a and 50b. For example, lead frames 50a and 50b can be formed 
20 of an iron sheet and plated with silver. The load ■frames 50a and 
50b have respective mount3 5 la and 5lb which face the dominant 
light-emitting direction. Tne tending pads lia and lib of the base 
10 are fixed to the mounts 51a and 51b, whereby the substrate 21 of 
the Light-emitting device 70 facss the dominant T.i ght.-«*mit t ino 
25 direction. 

13 
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The lead frames 50a and 50b preferably have projections 52a 
and 52b, respectively, which extend from the respective mounts 51a 
&ad 51b in the dom.ifl.aiit Light-emitting direction so that Lhe liglil 
emitted trom tne Ligut-emittiiig device 20 and diffused out of the 
dominant Light-eanittinq direction can be reflected on the wall of 
thfi pro jfidtinnft 52* ar>H And turned in the dcuninant Light-emitting 
direction. 

The base 10 can be mounted on the lead frames boa and 50b 
with solder, silver paste, and the like- Because of the sufficient 
distance between the bonding pads 11a and lib, the lead frames 50a 
and 50b ara wsll spaced out- This means that the lead franiee 50a 
and 50b can be formed easily, and the base 10 can be rvtouxiLtna un the 
lead irames 50a and 50b with relative ease. 

The transparent base 10 r the Light- emit tinq device 20, the 
adhesive layer 30, the wires 40a and 40b, snri t.hf 1 part frames 50a 
and 5 0b are encapsulated in a transparent sealing reain 60. An epoxy 

resin is preferred, a uretftane resin, etc. are also useful. Not 
only transparent and colorless resins but transparent and colored 
resins can be used as long as they are light -transmitting. For 
example, a transparent and colored rsein comprising an cpoxy resin 
having dispersed therein an appropriate pigment can be used, Most 
of the light rays emitted from the Light-emitting device 20 are 
released outside through the substrate 21, the adhesive layer 30, 
the base 10, and the sealing resin 60. 
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First- BT nbodi wiant-. 

The present invention will now be illustrated in qr&at&r 
detail by way o± Examples with reference to Figs. 2 through 8. 

Fiy> 2 is a side view or a unit 2 which can be used, in the. 
Light-emitting apparatus 1 shown in Fig. 1. The unit 2 is made up 
of a base 10, bonding pads 11a and lib, and a light -emitting device 
20. The base 10 is made of Si0 2 and has a thickne33of 300 jmn. Bonding 
yetds Ha and lib die lux/ined on the upper surface of the base 10 . Each 
bonding pad has an Au/Ti double layer structure with the Au layer 
up. The Au and Ti layers are 3 r 000 A and 300 k in thickness. 

The Light-emitting device 20 (the structure of which will 
be described later in more detail) is rixed via an adhesive layer 
30 on the surface of the base 10 where the bonding pads 11a and lLb 
are provided. The adhesive layer 30 is made of a transparent epoxy 
resin and has a thickness of about 3 nm« The negative electrode 26 
has a double layer structure composed of a 173 A thick V layer ay 
a lower layer and a 18,000 k thick Al layer as an upper layer. 
Similarly the positive electrode 21 has a double layer structure 
rninpnsftri nf a 0 0 A think Rh layer as a lower layer and a 5,QQ0 A 
thick Au layer as an upper layer. The negative electrods 2C and the 
positive electrode 2 I are electrically connected to the bonding pads 
11a and lib, respectively,, through respective wires 40a and 40b- 

Fig- 3 is a plane view of the unit 2. The base 10 is 
rectangular in its plane view. The bonding pads 11a and lib are 
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formed on a straight line parallel to the long side L of the base 
10. The edge of each bonding pari j.s even with the edge of the base 
10, The Light -emitting device 20 is fixed onto the base 10 in the 
middle between the bonding pads 11a and lib. 

The unit 2 is prepared as follows. As shown in Fiq. 4, a 
bonding pattern 11 is formed on an Si0 2 glass -wafftr (base), and a 
light- emitting device 20 previously prepared in a conventional 
manner is adhered on its substrate to tne glass wafer in the middle 
of every two adjacent bonding pads 11. The glass wafer was diced 
and cut along the dotted line to obtain the units 2 shown in Fig. 

Fig. b shows another unit 3. me same members as in Fig. 
3 are given the same numerals as used in Fig. 3, and the explanations 
therefor are omitted. The unit 3 has a square base 100 in its plans 
view, and bonding pads 110a and 110b and the Light-- emitting device 
20 are arranged on a. diagonal of tne base 100. 

Fig, 6 shows the structure of the Light-emitting device 20. 
The Light-emitting device 20 is a light-emitting diode composed of 
a substrate 21, a buffer layer 22, an n-typa <£ah layer, an active 
layer 24, -a p— type semiconductor layer 25, <=i neyaLive elet Ltude 26, 

and a positive electrode 27. The specifications of these members 
are tabulated below. 
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TABLE 1 



Layer 


C amp o s it ion ; Dopant 


Thick-ness 


positive 
electrode 
<27) 




5QC0A/ 
3000A 


p-type layer 


p-type GaN:Mg 


3,UU(J A 


active layer 
(24) 


superlattiee structure ; 
quantum well layer: m e 15 Ga,„N 


35 A 




J_>dJL J — l^tj. lay ci ■ 


35 A 




number of repetition of 
quantum layer and barrier 
layer: 1 to 10 




negative 
electrode 

(26} 


AI/V 


18O0O A/ 
175 A 


n-type layer 
(23) 


n-type (iau;:?i 


4000 A 


buffer layer 

(22) 


AlN 


500 £l 


substrate 
<21> 


sapphire 


300 ixm 



Each aefliieonductor layer is formed by well-known MQVFE . 
wOvrt; is carried out by causing ammonia gas and an alKyl conpound 
5 gas of the group III element, e.g., trimethylgallium (TMG) , 
trimethylaluminmn (TMA.) or trimethyl indium (TMT) r to pyrolyze on th« 
substrate preheated to an appropriate temperature thereby to let a 
desired crystal oi a compound semiconductor to grow on tne substrate. 
After the p-type layer 25 is formed, a part of the p-type layer 25, 
10 of the active layer 24 , and of the n-type layer 23 are etched to expose 
the n-typc layer 23 , on. which the negatives oloctrodo 26 ic provided, 

17 
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The negative electrode 26 and the positive electrode 27 have the 
above- spec if led structure and are formed in a conventional manner. 
Af-fcar alloying,, tha wafer is out into individual chips. 

The uait 2 Slivwu In Fig, 2 is fixed to the lead frames 50a 
and 50b with its upside down as shown in Fig. 1 . That is, the bonding 
pads 11a and lib of the unit 2 are attached onto the counts 51a and 
51b of the lead frames 50a and 50b by soldering. In Fig. 1 the light 
Tioin Llie Liy UL-emiLLiuy device 20 Is duniinanLly emitted upward as 
indicated by the arrows . 

The lead frames 50a and 5Gb are formed by iron sheet workinq 

+.i=M?hn "icjiiftR r Hn<r?h as hlanlong, fnll r»wi*d hy silvsr plAtir*£j- The lead 
frames 50a and 50ji fras; mounts 51a and 51b to which the bonding pads 
11a and lib are fixed. The lead frames 50a and 50b have projections 
52a and 52b, respectively. The inner walls 53a and 53b of the 
projections 52a and 52b prevent the light from the Light-emitting 
device 20 from diffusing laterally. 

The unit 2 attached to the lead frames 5 0a and 30b is 
encapsulated in a sealing resin 6 0 by molding in a usual manner. A 
transparent epoxy resin is used as a sealing resin. 

"Fig. 7 inufit.T'at.ftS A unit. 4 whinh nan hp used in another 
example of the light-emitting apparatus according to the invention. 
The same members as in i?'ig. 2 are given the same numerals as used 
in Fig. 2, and the explanations therefor are omitted. A substrate 
?fif) -i.ft iYiftH*=» n-f fiifl ( hAvirjrj ri i sp^r^^^d therein a fluorescent material 
201. A YAS fluorescent material is U3ed as the fluorescent material 

18 
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201 The unit. 4 is built up and assembled into a light-emittinq 
apparatus in the same manner as for the unit. 9. Tn this Light - 
cauitting apparatus/ part of the light from the Light-emitting device 
20 is absorbed lay the fluorescent material 201 while passing through 
the base 200 to generate fluorescence. The fluorescence and the 
light that is not influenced by the fluorescent material are mi xori 
up bo that the Light-emitting apparatus emits white light ac a whole. 

Fig. 8 illustrates a, unit 5 which can fc>e used similarly to 
the unit 4. The difference from the unit 4 lies in that a base 300 
has a 3-layer structure composed of a pair of Sio, layers 301 and 

303 and a fluorescent material -diaper-sod. film layer 302 sandwiched 
therebetween. Similarly to the unit 4, a YAG fluorescent material 
is used here. The unit 5 is fixed to the lead frames and encapsulated 
in an epoxy sealing resin in the same. manner as for the unit 2. in 
the resulting Light- em it ting apparatus, part of the light from the 
Light- emitting device 20 is absorbed by the fluorescent material 201 
while passioy Lhrouyh. Lite £luuLesyt?ii l lUctUetiAl-Uisspeiswi film layer 
302 to generate fluorescence. The fluorescence and the light that 
is not influenced by the fluorescent material are mixed up so that 
the Light -emitting apparatus emits white light as a whole. 

Test ERWplO: 

The performance of the Light- emitting apparatus 1 according 
to the invention was tested as follows. An electric current of 30 mA 
was continuously passed through the Light-emitting apparatus in an 
atmosphere teept at 100 n C, and the intensity of light emitted from 
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the apparatus was measured with time to obtain light intensity 
retention (%) (the initial 1 ight i nt<»nfii.ty was taken as 10 0%). The 
results obtained arc shown in Table 2 below, in which Comparative 
Example Is a conventional Light-emitting apparatus having the same 
5 Light-eraittirig device as tested - 



TABLE 2 





X.ight Intensity Retention 
<*) 


Initial 
(0 hr) 


After 
1000 hrs 


invention 


100 


90 


Comparative 

Example 


100 


75 



It can be seen from tne results that reduction an light 
intensity with tjjne is significantly suppressed in the Light - 
10 emitting apparatus of the present invention as compared with t.h& 
comparative example. 

Willie Uie iuvtiiiLiuu has been described in detail a,ji<X with 
reference to specific examples thereof, it will be apparent to one 
skilled in the art that various changes and modifications can be made 
15 therein without departing from, the spirit and scope thereof. 
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